Background: Enteral nutrition (EN) is associated with improved outcome in critically ill
WIKJORD et al. (Heyland et al., 2003; Seres, 2016) . The mechanism for this is thought to be through maintenance of gut integrity, gut immune function and modulation of the inflammatory response (Alverdy, Laughlin, & Wu, 2003; McClave & Heyland, 2009) . EN is also more cost-effective than PN.
Protocols for nutritional support have been employed in other ICUs
and have been shown to significantly improve nutritional care practice (Dobson & Scott, 2007; Kiss, Byham-Gray, Denmark, Loetscher, & Brody, 2012; Woien & Bjork, 2006; Wooley & Pomerantz, 2005) . Our ICU had used a protocol for nutritional support since 2007. However, as knowledge supporting the benefits of starting EN early and delaying the start of PN in critically ill patients increased, it became clear that the protocol needed modification. Also, feedback from ICU nurses was that the previous protocol was too complicated, unclear and poorly accessible as it consisted of several documents in the institutional electronic procedure database. This likely also contributed to noncompliance among physicians prescribing nutrition, especially out-ofhours when the regular ICU physicians were not present. A modified nutritional care protocol was, therefore, implemented in November 2014. Besides being a simpler and more easily applicable version of previous protocols, the new protocol also-to a great extent-limited the use of PN.
The objective of this study was to compare the nutritional care practice before and after the implementation of a modified protocol for nutritional support in the ICU. Our hypothesis was that the proportion of patients receiving at least 65% of calculated nutrition requirements within the first 7 days of ICU admission (Heyland et al., 2003; Kreymann et al., 2006; Martindale et al., 2009; Seres, 2016) would increase and that a larger proportion of the nutrition would be administered through the enteral route. Protocol compliance would be explored by evaluating the proportion of calculated nutrition requirements that was actually prescribed and the proportion of the prescribed energy that was actually administered-although obviously several patient factors not evaluated in our study would result in deviations in these two measures.
| METHODS

| Study design and setting
This retrospective observational study was conducted in a 10-bed medical/surgical ICU in a general emergency university hospital (708 inpatient beds) serving a population of 493,000. The ICU admits approximately 365 patients per year, >90% of which receive mechanical ventilation. Length of stay in 2015 was median 4.0 days; mean 7.6 days. Adult patients admitted to the ICU for ≥72 hr were selected from the patient register in chronological order. While both the previous and the modified protocols calculated energy recommendations from patient body weight (BW), the new nutrition protocol recommended body mass index (BMI)-stratified energy calculation formulas.
Patients from either study period without documented height were therefore ineligible for inclusion and were replaced by the next patient in the patient register. 
| Development and implementation of a new nutritional protocol
The previous nutritional support protocol had been in use in the A standing task group consisting of several ICU nurses and one ICU physician is dedicated to patient nutrition in our department.
Unfortunately, our ICU does not have a registered dietitian (RD) service. The task group is available for feedback from ICU staff on the department's nutritional care, discuss and contribute to developing protocols, and is responsible for the continuing education of ICU staff on patient nutrition. In cooperation with the nutrition task group, a modified, flow chart-based nutrition protocol ( Fig. 1 ) was developed in 2014 by one of the consultant ICU physicians, based on several relevant guidelines and review articles (Casaer et al., 2011; Dhaliwal, Cahill, Lemieux, & Heyland, 2014; Heyland et al., 2003; Kreymann et al., 2006; Martindale et al., 2009; Parrish & McClave, 2008; Seres, 2014a Seres, , 2014b Singer et al., 2009 ).
What does this paper contribute to the wider clinical
community?
• Nutrition support protocols for the ICU should be regularly updated.
• A nurse-driven nutrition support protocol with easy bedside accessibility and a flow chart design can improve nutritional care for patients in the ICU
• Focus on and knowledge of the benefits of enteral feeding in the ICU team is crucial to increase the early use of enteral nutrition.
On several aspects, the new nutritional protocol differed from the previous protocol. Although the previous protocol recommended supplementation with PN after 2-3 days if <80% of energy requirements were met, the new protocol delayed supplementation with 
Referral to registered dietitian should be considered in case of
Uncertainty, standard measures are unsuccessful in relation to goals Comorbidity, organ disease or condition a ects intake, requirements, or distribution of nutrients PN to 96 hr after admission. The previous protocol recommended administering only intravenous fluids containing glucose the first 24 hr of ICU admission; in contrast, the new protocol recommended starting early EN (within 24-48 hr). The new protocol also recommended BMI-stratified calculation of energy requirements, with lower goals of kcal/kg for obese and underweight patients (Heyland et al., 2003; Kreymann et al., 2006; Martindale et al., 2009; Seres, 2016 ).
The new protocol described the process of enteral feeding and included recommendations on timing of feeding, patient positioning, management of obstipation/diarrhoea and GI retention and supplementation with PN. It consisted of a single-page flow chart and one page with specifications. The process was nurse-driven, the default being that every ICU patient should be evaluated for EN within 24 hr. If no EN was prescribed and no contraindications were obvious, the ICU nurse would contact the physician to enquire about this. According to protocol, nurses prescribed and administered multivitamins and makrogol and adjusted the rate of feeding to tolerance and to obtain the energy goals prescribed by the physician. Pauses in EN, for example, due to imaging procedures, were compensated for by increasing feeding rates afterwards.
Preceding the implementation, the ICU nurses were educated in the use of the protocol and on current nutritional care recommendations. The protocol was posted on the wall of all ICU patient rooms as well as in the storage room for EN formulas. All regular ICU physicians were thoroughly informed on the new protocol. However, there was no formalized education of the roster of anaesthesiologists responsible for the ICU at late evening and night.
| Definition of variables
Investigated variables were: Amount of kcal prescribed and administered each of the first 7 days of admittance, or until discharge from the ICU for patient stays <7 days. Amount of kcal administered through the parenteral and the enteral route. Patient gender, age, height, BW on admission, BMI and length of ICU stay were also noted. Data were collected retrospectively from the ICU patient register and electronic medical records.
Prescribed energy was the amount of kcal set as nutritional goal for the upcoming 24 hr (morning to next morning), entered each day in the electronic patient chart by the attending physician. For ICU patients, energy prescriptions should be based on patient BW but must also take into account their clinical situation. We suspected, however, that prescribing practices might differ among the physicians, also due to lack of knowledge or non-compliance with the protocol. Therefore, we wanted to assess the actual prescribed energy as proportion of the calculated nutrition requirements, for the two periods. Energy requirements in this study were calculated according to the BMI-stratified, BW-based equations in the new nutrition protocol (Fig. 1) 
| Statistical analysis
Pre-and postimplementation values of variables measured repeatedly in subjects were compared using a mixed model linear regression with subject as random factor (JMP 11.2.1 by SAS Institute 
| RESULTS
| Study population
Patient characteristics are presented in Table 1 . The two groups were comparable on all reported demographic variables. In the inclusion process of the 25 + 25 patients, six patients in the pre-modification period and three patients in the postmodification period had to be bypassed due to undocumented height.
| Nutritional care practice
Cumulative energy administration results are presented in Table 2 and 
| Prescribed energy
The proportion of calculated nutrition requirements that was prescribed tended to increase after protocol modification, from 0.9 
| Total energy administered
In both study periods, administered energy increased day by day after ICU admission (mixed model linear regression; p < 0.0001), with large inter-individual variations (Fig. 2) . The cumulative amount of kcal administered was unchanged after protocol modification, during ICU days 1-4 as well as during the entire 7-day period after admission (Table 2) . Also measured as proportion of calculated nutrition requirements, cumulative energy administered was unchanged after protocol modification (Table 2) . With the previous protocol, approximately 80% of patients received >65% of their calculated nutrition requirements by ICU Day 4. This goal was achieved by Day 7, postmodification (Fig. 3) . 
T A B L E 2 Cumulative energy administration
The proportion of the prescribed energy actually administered to the patient increased day by day after ICU admission in both study periods (mixed model linear regression; p < 0.001), but overall was approximately 10% less after protocol modification (p = 0.05). After introduction of the modified protocol emphasizing use of EN, the difference between nutritional goals and actual received nutrition was larger for more patients (Fig. 4) . This difference was of similar magnitude throughout all the first ICU week.
| Administration route
The proportion of patients that had commenced enteral feeds within 72 hr of ICU admission increased from 64% before to 88% after protocol modification (Table 2) . A similar trend was seen already after 24 hr (Table 2) . Correspondingly, the proportion of administered energy that was administered enterally during the first days after ICU admission was markedly higher with the modified protocol ( Fig. 2 Upper panel). Also, the proportion of calculated nutrition requirements that was administered through the enteral route increased more rapidly after ICU admission and rose to higher levels ( Fig. 2 Middle panel).
Concurrently, there was a marked decline in the use of PN (Fig. 2 Lower panel). The cumulative percentage energy given as EN during ICU days 1-4 increased from 26% pre--89% postimplementation (Table 2) .
| DISCUSSION
This study demonstrated a marked change in nutritional care prac- 
| Prescription of nutrition
Our results showed no significant change in physician-prescribed kcal after implementation of the new protocol. In both study periods, there was a consistent negative relation between the nutrition requirements calculated from BW and the proportion of these requirements that was actually prescribed. Interestingly, this effect was consistent throughout ICU day 1-7, indicating that ICU physicians and nurses on new shifts tended to accept and extend previous energy prescriptions, even when these conflicted with the nutrition protocol. Our data show that physicians systematically tended to increase energy administration in patients with low BMI and to restrict energy administration in obese patients. Still, prescriptions varied by as much as 1000 kcal/day among patients with similar BW. Thus, our findings indicate that prescribing practice might not be adequately individualized and that physicians might still have been using a "one-size-fitsall" prescription instead of calculating individual energy requirements.
An important reason underlying this finding probably was the lack of an education plan regarding the new nutritional support protocol for physicians that served the ICU only sporadically or on evenings and nights. Conceivably, our electronic patient curve could have been programmed to display each ICU patient's calculated energy requirements according to the new protocol-this probably would have improved protocol adherence.
Several barriers to guideline implementation have been described (Fischer, Lange, Klose, Greiner, & Kraemer, 2016 ) and adherence to the nutritional support protocol in our ICU would likely improve further if such factors were regularly attended to. Systematized and continuous interprofessional teamwork including nurses, registered dietitians (RDs) and ICU physicians is crucial to successfully implement and uphold good nutrition practice. We did not include data on clinical conditions, which must have affected prescription behaviour.
Importantly, prescription based solely on weight-and BMI-derived calculated requirements does not take into account individual aspects regarding disease progress and does not sufficiently support, for example, increased needs in the anabolic phase (Kreymann et al., 2006) .
| Administration of nutrition
In the postimplementation group, there was a trend towards a small decrease in cumulative energy administered over the first 4 days after ICU admission (p = 0.09) and it took longer for patients to reach >65% of their energy requirements (Fig. 3 ). This probably resulted from the more gradual increase in administration of enteral feeds that is necessary compared with what is often the case with PN. In the acute phase of critical illness it may be difficult to reach the calculated caloric requirements with EN alone due to impaired GI mobility. This likely underlay the findings shown in Fig. 4 , where the postmodification group showed larger discrepancies between physician-prescribed energy goals and actual administered nutrition. However, in several recent studies, hypocaloric feeding in critically ill patients was not shown to be harmful (Arabi et al., 2015; Charles et al., 2014; Choi, Park, & Park, 2015; Ibrahim et al., 2002; Rice et al., 2011 Rice et al., , 2012 . A lower calorie provision in the initial phase of critical illness is therefore not necessarily detrimental and may be beneficial (Al-Dorzi, Albarrak, Ferwana, Murad, & Arabi, 2016) ; an adequate goal may be to deliver 50%-65% of calculated nutritional requirements as EN within the first ICU week (Martindale et al., 2009) . Moreover, the amount of delivered protein, not energy, may be key for critically ill patients (Compher, Chittams, Sammarco, Nicolo, & Heyland, 2017) .
| Route of nutrition
The new protocol resulted in a marked increase in the overall amount of nutrition administered through the enteral route, as well as an increase in patients receiving early EN (Fig. 2) . This change in feeding practice is considered favourable and in accordance with current recommendations (Heyland et al., 2003; Kreymann et al., 2006; Martindale et al., 2009; Seres, 2016) . These recommendations are based on several prospective randomized, controlled trials and meta-analyses involving various ICU patient populations, and a consistent reduction in infectious morbidity is found (Braunschweig, Levy, Sheean, & Wang, 2001; Elke et al., 2016; Everitt, 1998; Gramlich et al., 2004; Heyland et al., 2003; Kudsk et al., 1992 ; Martindale Moore et al., 1992; Peter, Moran, & PhillipsHughes, 2005; Simpson & Doig, 2005) . In many studies further benefits are seen: Reduction in hospital length of stay (Heyland et al., 2003) , cost of nutrition therapy (Heyland et al., 2003) and return of cognitive function in head injury patients (Taylor, Fettes, Jewkes, & Nelson, 1999) . This was not investigated in our small study. From a global perspective, increased use of EN in ICU patients is attractive also due to lower cost and no need for long-term central venous catheters, which predispose patients for infection and vascular complications.
Several other studies (Doig et al., 2008; Heyland et al., 2010; Kiss et al., 2012; Mackenzie, Zygun, Whitmore, Doig, & Hameed, 2005; Martin, Doig, Heyland, Morrison, & Sibbald, 2004; Woien & Bjork, 2006) have investigated the effect of implementation of nutrition protocols in the ICU. In most of these studies, there was no existing protocol for nutritional care in the ICU before implementation, which makes them not completely comparable to our study. A systematic review (Martin et al., 2004) including three prospective cohort studies and one clustered RCT showed increased efficacy of enteral feeding delivery with nutritional support protocols. In all studies reviewed, there was increased energy delivery, increase in the use of enteral versus parenteral nutrition, mixed results in time to initiation of feeding and no difference in patient outcome.
| Strengths and limitations
Our study was limited by its small number of participants; this could increase the risk of bias. Patients were unselected with regard to gastrointestinal morbidity that could impede nutritional efforts, and interindividual variation was indeed large. Even so, the observed changes in clinical practice were marked. The retrospective design and the spacing in time from baseline measures to protocol implementation and from implementation to evaluation of protocol adherence would have minimized the Hawthorne effect, that is, that study subjects optimize their practice because they know they are being studied. On the other hand, any documentation errors leading to inaccurate amounts of various nutrients being registered in the electronic patient curve would go undetected by our retrospective approach. Our material was too small to study whether the implementation of the nutrition protocol with the following changes in practice made any impact on patient mortality or morbidity, that is, infection risk. Scores for severity of disease (i.e. SAPS or APACHE) of the participants was not investigated in this study. Possible differences in these parameters between the groups and the relation between calorie prescription or administration and severity of disease could therefore not be studied.
| CONCLUSION
Implementation of a flow chart-based, nurse-driven nutritional support protocol in the ICU resulted in more appropriate nutritional support according to current guidelines, with a significant increase in the early use of enteral feeding and reduced use of PN. A delay in reaching goals for total administered energy was observed during the first week after ICU admission. Further studies are needed to clarify energy and protein needs and the optimal timing of nutrient administration in the critically ill patient. Interprofessional teamwork is key for successful implementation of nutrition support in the ICU.
| RELEVANCE TO CLINICAL PRACTICE
Implementation of a simple, flowchart-based protocol can improve the nutritional care of patients in intensive care units. Our study indicates that accessibility and user-friendliness of the nutrition care
protocol and focus and knowledge on the benefits of enteral feeding among ICU staff probably were key factors in providing optimal nutrition to ICU patients.
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